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Description

[0001] The presentinvention relates to an ink jet head
and its manufacturing method.

Description of the Related Art

[0002} A prior art ink jet head is constructed by a sin-
gle unit including laminated substrates such as a
monocrystalline silicon substrate and a glass substrate
(see JP-A-6-218932). This will be explained later in de-
tail.

[0003] In the above-mentioned prior art ink jet head,
however, when the density of nozzles is increased to
improve the printing quality while the printing speed is
being increased, even if one nozzle is defective in one
unit, such a unit has to be scrapped, so that the manu-
facturing yield of the units is decreased. thus increasing
the manufacturing cost of the ink jet head.

[0004] Itis an object of the present invention to pro-
vide an ink jet head and its manufacturing method ca-
pable of decreasing the manufacturing cost.

[0005] According to the present invention, an ink jet
head is constructed by a plurality of combined units.
[0006] Also, in a method for manufacturing an ink jet
head, a plurality of units are formed in a substrate. Then,
the units are separated from each other. Finally, one ink
jet headis formed by combining at least two of the units.
[0007] The present invention will be more clearly un-
derstood from the description set forth below, as com-
pared with the prior art, with reference to the accompa-
nying drawings, wherein:

Fig. 1 is aplan view illustrating a semiconductor wa-
fer where prior art ink jet units are formed;

Fig. 2 is a plan view of one of the ink jet units of Fig.
1;
Fig. 3 is a cross-sectional view of the periphery of
one nozzle of Fig. 2;

Fig. 4 is a plan view illustrating a semiconductor wa-
fer where ink jet units according to the present in-
vention are formed,

Fig. 5 is a plan view of one of the ink jet units of Fig.
4;
Fig. 6 is a partially-enlarged view of the unit of Fig. 5;
Figs. 7A, 78, 7C and 7D are cross-sectional views
taken along the line VIi-VHIl of Fig. 6;

Figs. 8A and 8B are plan views of the semiconduc-
tor wafer of Fig. 4 before and after the separation
of units, respectively;

Fig. 9 is a plan view for explaining the combination
of two non-defective units of Figs. 8A and 8B; and
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[0009] A prior art ink jet head is formed by a single
unit 101a as illustratedin Fig. 1 including laminated sub-
strates such as a monocrystalling silicon substrate and
a glass substrate (see JP-A-6-218932). For example, if
each unit 101a has a size of about 27mm X 27mm, sev-
en units 101a are cut by a dicing blade (not shown) from
an about 10-cm diameter monocrystalline silicon wafer
102 as illustrated in Fig. 1.

[0010] In Fig. 2, which is a detailed plan view of each
of the units 101a of Fig. 1, four nozzle columns 11, 12,
13 and 14 where nozzles 1 are closely arranged in a
matrix are provided. In this case, the nozzle columns 11,
12, 13 and 14 are used for ejecting black ink, yellow ink,
cyan ink and magenta ink, respectively. The nozzle col-
umns 11, 12, 13 and 14 are connected to ink supply
holes 21, 22, 23 and 24, respectively.

[0011] As illustrated in Fig. 3, which is a cross-sec-
tional view of the periphery of one nozzle 1 of Fig. 2, one
pressure chamber 2 linked to the nozzle 1, an ink pas-
sage 3 and an ink pool (reservoir) 4 are partitioned by
a plurality of substrates 31, 32 and 33 made of monoc-
rystalline silicon and glass, and a thin vibration plate 5
on which an actuator 6 made of piezoelectric material
sandwiched by metal electrodes is formed. Note that the
ink pool 4 for each of the nozzle columns 11, 12, 13 and
14 is comb-shaped as illustrated in Fig. 2.

[0012] Also, in Fig. 3, reference D designates an ink
droplet.
[0013] Intheink jet head formed by a single unit 101a,

however, when the density of nozzles is increased to
improve the printing quality while the printing speed is
being increased. even if one nozzle is clogged or de-
formed. i.e., defective in one unit 101a, such a unit has
to be scrapped, so that the manufacturing yield of the
units 101a is decreased, thus increasing the manufac-
turing cost of the ink jet head.

[0014] For example, if the nozzle 1 has a diameter of
about 25 to 40 um, the average number of defective noz-
zles 1 is expected to be 4 in one monocrystalline silicon
wafer 102. In this case, four units 101a may be defec-
tive, so that the manufacturing yield of the units 101a in
one monocrystalline silicon wafer 102 may be 3/7 (=
43percent).

[0015] An embodiment of the ink jet head according
to the present invention is formed by a plurality of units
101b, for example, two units 101b as illustrated in Fig.
4 including a monocrystalline silicon substrate. For ex-
ample, if each unit 101b has a size of about 27mm x
13mm, fourteen units 101b are cut by a dicing blade
from an about 10-cm diameter monocrystalline silicon
wafer 102.

[0016] In Fig. 5, which is a detailed plan view of each

Fig. 10is a cross-sectional view of the abutting por-
tion of the non-defective units of Fig. 9.
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~of the units 107b of Fig. 4, two nozzle columns 11 and

12 where nozzles 1 are closely arranged in a matrix are

provided. In this case, the nozzle columns 11 and 12 are

—[0008]Before the description of the preferred embod- -
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used for ejecting black ink (or cyan ink) and yellow ink
(or magenta ink), respectively. The nozzle columns 11
and 12 are connected to ink supply holes 21 and 22,
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respectively.

[0017] As illustrated in Fig. 5, in each of the units
102b, a protruded abutting portion 51, a recessed abut-
ting portion 52, a protruded abutting portion 53 and a
protruded abutting portion 54 are formed. As a result, a
relief (recess) 55 is formed between the protruded abut-
ting portions 51 and 53, and arelief (recess) 56 is formed
between the abutting portions 52 and 54. Note that the
protruded abutting portion 51 has the same shape as
the recessed abutting portion 52.

[0018] in the ink jet head formed by two of the units
101b, if the nozzle 9 has a diameter of about25to 40 p
m, the average number of defective nozzles 1 is also
expected to be 4 among one monocrystalline silicon wa-
fer 102. In this case, four units 101b may be defective,
so that the manufacturing yield of the units 101b among
one monocrystalline silicon wafer 102 may be 3/14 (=
22 percent). Thus, the manufacturing yield can be re-
markably increased as compared with the prior art units
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ging state (deformed state) is observed in the nozzle 1, |
the pressure chamber 3, the ink passage 3 and the ink
pool (reservoir) 4.

[0024] Next, referring to Fig. 7D as well as Fig. 6, a
wafer-type thin vibration plate 5, which is perforated in
advance to be adapted to the edge 50, is adhered by a
contact bonding process to the back surface of the
monocrystalline silicon substrate 71. Then, one actuator
6 made of piezoelectric material sandwiched by metal
electrodes is adhered by a contact bonding process to
the thin vibration plate 5 in correspondence with each
nozzle 1.

[0025]) In Fig. 7D, note that it is possible to adhere ac-
tuators 6 to a wafer-type thin vibration plate 5 before the
wafer-type thin vibration plate 5 is adhered to the back
surface of the monocrystalline silicon substrate 71.
[0026] Next, the separation of the units 101b is ex-
plained with reference to Figs. 8A and 8B.

[0027] After the process as illustrated in Fig. 7D, the

101a. 20 monocrystalline silicon substrate 71 is divided by the
[0019] A method for manufacturing an ink jet head ac- edge 50 along the Y-direction into columns of the units
cording to the present invention is explained next with 101b, as illustrated in Fig. 8A.
reference to Figs. 6, 7A, 7B, 7C, 7D, 8A, 8B, 9 and 10. [0028] Next, as illustrated in Fig. 8B, the monocrys-
Note that Fig. 6 is a partially-enlarged view of the unit talline silicon substrate 71 is cut by a dicing blade (not
101b of Fig. 5, and Figs. 7A, 7B, 7C and 7D are cross- 25 shown) along the X-direction. As a result, each of the
sectional views taken along the line VII-VI| of Fig. 6. Al- units 101b is completely separated from each other.
so, Figs. 8A and 8B are plan views of the semiconductor [0029] In this state, it is again determined whether a
wafer of Fig. 4 before and after the separation of units clogging state (deformed state) is observed in each of
respectively. Further, Fig. 9 is a plan view for explaining the units 101b. Then, defective units 101b having a clog-
the combination of two non-defective units of Figs. 8A 30 ging state (deformed state) are scrapped.
and 8B, and Fig. 10 is a cross-sectional view of the abut- [0030] Next, referring to Fig. 9, an ink jet head is con-
ting portion of the non-defective units of Fig. 9. structed by combining two non-defective units 101b-1
[0020] First, referring to Fig. 7A as well as Fig. 6, a and 101b-2. That is, the recessed abutting portion 52 of
photoresist pattern 72 is formed by a photolithography the non-defective unit 101b-1 abuts against the protrud-
process on a front surface of a monocrystalline silicon 35 ed abutting portion 51 of the non-defective unit 101b-2,
substrate 71. while the protruded abutting portion 54 of the non-de-
[0021] Next, referring to Fig. 7B as well as Fig. 6, the fective unit 101b-1 abuts against the protruded abutting
monocrystalline silicon substrate 71 is etched by a re- portion 53 of the non-defective unit 101b-2. In this case,
active ion etching (RIE) dry process using the photore- the contact characteristics between the non-defective
sist pattern 72 as a mask. As a result, a nozzle 1is per- 40 units 101b-1 and 101b-2 can be improved due to the
forated in the monocrystalline silicon substrate 71, and presence of the reliefs 55 and 56 thereof. Then, the
simultaneously, an edge 50 for the abutting portions 51, abutting portions of the non-defective units 101b-1 and
52, 53 and 54 and the reliefs 55 and 56 is perforated. 101b-2 indicated by arrows X in Fig. 9 are filled with ad-
Then, the photoresist pattern layer 72 is removed. hesives 73, as illustrated in Fig. 10.
[0022] Next, referring to Fig. 7C as well as Fig. 6, a 45 [0031] Finally, electrical connections are formed on
photoresist pattem layer (not shown) is formed by a pho- the back surface of the combined units 101b-1 and
tolithography process on a back surface of the monoc- 101b-2, and the ink supply holes 21 and 22 thereof are
rystalline silicon substrate 71. Then, the monocrystalline coupled to individual ink tanks for black ink, yellow ink,
silicon substrate 71 is etched by an anisotropy wet etch- cyan ink and magenta ink, respectively.
ing process using the photoresist pattemn layer as a 50 [0032] The combination of the units 101b-1 and 101b-
mask. As a result, a pressure chamber 2, an ink passage 2 can be carried out without an expensive alignment ap-
3 and an ink pool (reservoir) 4 are perforated in the paratus, which would decrease the manufacturing cost.
~ monocrystalline silicon' substrate 71, and simuftaneous: - [0033T Alsg, since the abutting portions 5T, 52, 53 and-

ly, the edge 50 for the abutting portions 51, 62, 53 and 54 are formed by a photolithography and etching proc-
54 and the reliefs 55 and 56 is completely perforated 55 ess, not a dicing blade, the accuracy of the distance be-

—through the monocrystalling silicon substrate 717 Thén,”  tween the edge 50 of the abutting portions 51, 52, 53
the photoresist pattern layer is removed. and 54 and the nozzles 1 of each of the combined units
[0023] In this state, it is determined whether a clog- 101b-1 and 101b-2 can be high, i.e., about £ 1 um. As

3
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a result, the accuracy of the alignment of the nozzles 1
between the combined units 101b-1 and 101b-2 can be
high, i.e., about +5 um. Note that, if the abutting portions
51, 52, 53 and 54 are formed by a dicing blade, the
above-mentioned distance accuracy may be +6 ym, and
the above-mentioned alignment accuracy may be + 10
pm.

[0034] Thus, the deviation of droplets among black
ink, yellow ink, cyan ink and magenta ink can be de-
crease, which could not degrade the printing quality.
[0035] In the above-described embodiment, one ink
jet head is constructed by two combined units 101b-1
and 101b-2; however, one ink jet head can be construct-
ed by three ormore combined units. For example, if one
unit is formed for one nozzle column, one ink jet head
can be constructed by four combined units.

[0036] Also, in the above-described embodiment, the
substrate 71 is made of monocrystalline silicon; howev-
er, the substrate 71 can be made of other crystal or met-
al. If the substrate 71 is made of metal, a mechanical
pressing process or an electroforming process can be
performed thereon, so that the nozzles 1 and the like
can be formed.

[0037] Further, in the above-described embodiment,
the nozzles 1 are arranged in a matrix in each of the
nozzle columns 11 and 12; however, the arrangement
of the nozzles 1 can be staggered in each of the nozzle
columns 11 and 12.

[0038] As explained hereinabove, according to the
present invention, since one ink jet head is constructed
by a plurality of combined units, the manufacturing yield
of each unit is increased, so that the manufacturing yield
of the ink jet head can be increased, which would de-
crease the manufacturing cost.

Claims

1. An ink jet head comprising a plurality of combined
units (101b-1, IOIb-2).

2. Theinkjethead as setforth in claim 1, wherein each
of said units comprises: '

a first protruded abutting portion (51);

a recessed abutting portion (52) positioned at
an opposite side of said first protruded abutting
portion and adapted to said first protruded abut-
ting portion;

a second protruded abutting portion (63) on the
same side of said first protruded abutting por-
tion; and
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recessed abutting portion and the third protruded
abutting portion of one of said units abuts against
the first and second protruded abutting portions, re-
spectively, of another of said units.

The ink jet head as set forth in claim 1,2 or 3, where-
in said units carprises:

a silicon substrate (71) where nozzles (1), pres-
sure chambers (2), ink passage (3) and ink
pools (4) are formed;

a vibration plate (5) fixed to said silicon sub-
strate to partition said pressure chambers and
said ink passages and said ink pools; and
actuators (6), fixed to said vibration plate, each
for vibrating a portion of said vibration plate cor-
responding to one of said nozzles.

A method for manufacturing an ink jet head, com-
prising the steps of:

forming a plurality of units (101b) in a substrate
(102);

separating said units from each other; and
forming one ink jet head by combining at least
two of said units.

The method as set forth in claim 5, wherein said unit
forming step comprises the steps of:

forming edge portions (50) along a first direc-
tion and nozzles (1) in said substrate (71), said
edges dividing said units;

forming pressure chambers (2), ink passages
(3) and ink pools (4) in said substrate;
adhering a vibration plate (5) to said substrate
to partition said pressure chambers, said ink
passages and said ink pools; and

adhering actuators (6) to said vibration plate.

The method as set forth in claim 6, wherein said
edge and nozzle forming step uses a photolithog-
raphy and dry etching process.

The method as set forth in claim 6 or 7, wherein said
pressure chamber, ink passage and ink pool form-
ing step uses a photolithography and anisotropic
etching process.

The method as set forth in claim 6,7 or 8, wherein
said separating step comprises a step of cutting
said substrate by a dicing blade along a second di-

a third protruded abutting portion (54) posi-
tioned on an opposite side of said second pro-
truded abutting portion and adapted to said

55

10.

rection perpendicular to said first direction:

The method as setforth in claim 5,6,7,8 or 9, where-

BNSDOCID: <EP.

second protruded abutting portion.

3. The ink jet head as set forth in claim 2, wherein the
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in said unit forming step comprises the steps of:

forming edge portions (50) along a first direc-
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tion and nozzles (1) in said substrate (71), said
edges dividing said units;

. forming pressure chambers (2), ink passages
(3) and ink pools (4) in said substrate;
preparing a vibration plate (5) to which actua- 5
tors (6) are adhered in advance; and
adhering said vibration plate to said substrate
to pattition said pressure chambers, said ink
passages and said ink pools.

11. The method as set forth in claim 10, wherein said
edge and nozzle forming step uses a photolithog-
raphy and dry etching process.

12. The method as set forth in claim 10 or 11, wherein 15
said pressure chamber, ink passage and ink pool
forming step uses a photolithography and aniso-
tropic etching process.

13. The method as set forth inclaim 10,11 or 12, where- 20
in said separating step comprises a step of cutting
said substrate by a dicing blade along a second di-
rection perpendicular to said first direction.

14. The method as set forth in any one of claims Sto 25
13, wherein each of said units comprises:

a first protruded abutting portion (51);
a recessed abutting portion (52) positioned at
an opposite side of said first protruded abutting 30
portion and adapted to said first protruded abut-
ting portion;
a second protruded abutting portion (53) on the
same side of said first protruded abutting por-
tion; and 35
a third protruded abutting portion (54) posi-
tioned on an opposite side of said second pro-
truded abutting portion and adapted to said
second protruded abutting portion.
. 40
15. The method as set forth in claim 14, wherein said
ink jet head forming step abuts the recessed abut-
ting portion and the third protruded abutting portion
of one of said units against the firstand second pro-
truded abutting portions, respectively, of another of 45
said units.

50
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